The gibberellins (GA) present an essential role in many aspects of plant development, seed germination, internode elongation, flower and fruit development. Thus, this work aimed to evaluate the growth attributes and the physiological quality of bean seeds from plants submitted to the application of gibberellic acid, revealing great importance in some characters of agronomic interest. Seeds of genotypes (Phaseulus vulgaris) Mouro and BRS Embaixador and four concentrations of gibberellic acid (zero, 50, 100 and 200 mg L -1 ) were used. Seed germination, first count, germination speed, primary root and shoot length, dry matter of seedlings, shoot height, stem diameter, first pod insertion, pod number and seeds per pod were evaluated. Giberelic acid promoted an increase in plant height and a reduction in stem diameter. Seeds produced under doses of GA 3 did not influence seed germination and dry matter of the seedlings at higher doses, being dependent on the cultivar. In this way, the application of increasing doses of GA 3 in bean plants increases the height of insertion of the first pod, while the physiological quality of the seeds produced is affected by the acid doses.
Introduction
Bean cultivation (Phaseolus vulgaris L.) has significant economic and social importance in Brazil. The cultivated area covers about 3.0 million hectares, with an approximate production of 3.3 million tons of grains, corresponding to a yield close to 1079 kg ha -1 . In this scenario, the Southern Region stands out with approximately 50% of the total production in the 2015/2016 harvest (Conab, 2016) . The increase in productivity is becoming essential in the exploration of this culture through the interaction between the environmental, genetic and mainly, management techniques and the use of high quality seeds (Bototti et al., 2008) . However, the architecture of the bean plants constitutes a problem, especially regarding to the low height of insertion of the first pod, being necessary to promote the elongation of the basal internodes and consequently the insertion of the pods, in order to enable improvements in the mechanized harvest (Souza et al., 2010) . The use of growth regulators has brought perspectives to increase productivity and quality in products of plant origin in different cultures (Khan et al., 2006) .The application of gibberellin on plants can be a strategy to increase the insertion height of the pods, as it promotes an increase in the distance of the internodes closest to the soil (Vichiato et al., 2007) . Among the groups of growth regulators, gibberellin has a marked effect on the seed germination process, activating hydrolytic enzymes, such as α-amylase and protease, that actively act in the unfolding of the reserve substances, facilitating the mobilization of the endosperm (George et al., 2008) . In addition, it plays an important role in the development and physiological actions of plant tissues, gibberellic acid acts directly on tissue differentiation (Duan; Mosquim, 2004; Amarante et al., 2005; DoNascimento; Ju; Khan et al. 2006) . Giberelins are responsible for several important physiological functions in the development of superior plants (Hooley 1994 , Lange 1998 . According to Taiz and Zeigler (2004) , the application of gibberellin provides the elongation of internodes in several species being the meristem intercalary the action target, which is located near the base of the internode, that produces derivatives that go up and down, in this way, the exogenously applied GA 3 causes excess stem elongation in dwarf plants, so that the plants resemble the higher varieties of the same species. Among the most well-known functions, it can be highlighted the mobilization of seed reserves in germinating cereals and the promotion of stem elongation in some species. Depending on the plants, gibberellins may also be required for leaf expansion, floral induction, anthocyanin biosynthesis (Khan et al., 2006) and development of immature fruits (Garcia-Martinez et al., 1987; Graebe et al., 1987; Van Huizen et al. Al., 1997) and even in the control of physiological disturbances (Amarante et al., 2005) . The correct timing of the application of plant regulators is still not fully defined, due to several factors that may influence this process, such as climatic conditions, which are obviously different from year to year, and promote changes in the stage of development of each plant. Therefore, the responses expected from plant regulators can be quite variable, especially when the recommendations are transferred from one place to another, where the difficulties become more accentuated. The cultural conditions such as soil type, pest control, nutritional aspects and water-plant atmosphere relationships interact also influence the results obtained with plant regulators (Monselise, 1979) . In view of the above, this work aimed to evaluate the growth attributes, the physiological and isoenzymatic quality of bean seeds from plants submitted to the application of gibberellic acid.
Results and Discussion
Referring to the growth attributes of genotypes under the effect of gibberellic acid, it was observed by the analysis of variance that there was interaction between genotypes x doses of GA 3 for the variables plant height, stem diameter and insertion of the first pod. This study demonstrated that gibberellic acid altered parameters related to the architecture of bean plants in both genotypes. The stem diameter of both genotypes tended to decrease as a function of GA 3 dose increase ( Fig 1A) . For the genotypes Mouro and BRS Embaixador, the doses of GA 3 that caused the smallest diameter of the stem were 130 and 200 mg L -1 , respectively.
The plant height of both genotypes was adjusted to the quadratic model, with an expressive coefficient of determination (R²≥0.75) (Fig 1B) . For both genotypes, it was observed that the increase of the dose of GA 3 caused an increase in the height of the plants, and the highest height was observed with the dose of 200mg L -1 of GA 3 (Fig 1B) . This response can be attributed to gibberellic acid to induce differentiation of meristematic cells (Taiz&Zeiger, 2009), which was probably responsible for the increase in bean plant height.
The number of pods per plant increased for Mouro genotype at higher doses, while at the dose of 200 mg L -1 of GA 3 there was a reduction in the number of pods in the BRS Embaixador (Fig 1C) . Mouro genotype presented higher number of pods per plant, compared to BRS Embaixador, at all doses evaluated. However, the number of seeds per pod of both genotypes tended to decrease with increasing GA 3 dose (Fig 1D) .
The height of insertion of the first pod of both genotypes was adjusted to the quadratic model, being obtained with a high coefficient of determination (R²≥0.82) (Fig 1E) . The application of GA 3 increased the height of insertion of the first pod in the plants of both genotypes, and the genotype BRS Embaixador showed higher height of insertion of the first pod in all doses of GA 3 evaluated, compared to Mouro. The maximum height of insertion of the first pod in the genotypes BRS Embaixador and Mouro occurred with the doses of 164.0 and 140.6 mg L -1 of GA 3 . Concerning the physiological and isoenzymatic quality of seeds produce, it was verified that the germination of bean seeds of the genotypes Mouro and BRS Embaixador produced under the effect of gibberellic acid on the plants, showed a tendency to increase until the doses of 114.1 and 91.5 mg L -1 of GA 3 , respectively (Fig 2A) . It was observed that at doses zero and 200 mg L -1 of GA 3 , the seeds of the genotype Mouro presented lower germination, compared to the BRS Embaixador genotype.
The first germination count was adjusted to the quadratic polynomial model and obtained with a high coefficient of determination (R²≥0.93) (Fig 2B) . The first germination count for Mouro genotype increased up to the 91.5 mgL -1 dose, while for BRS Embaixador there was a decrease in this attribute as a function of the GA 3 dose increase. Thus, it is possible to detect that the genotypes present different behavior in function of the different doses of GA 3 applied on the plants. However, the germination speed index presented a maximum and minimum behavior for the genotypes Mouro and BRS Embaixador (Fig 2C) , with values of 152.5 and 158.5 mgL -1 for Mouro and BRS Embaixador, respectively. The shoot length values of both genotypes were adjusted to the quadratic model, both of which showed a tendency to increase, as a function of the GA 3 dose increase (Fig 2D) . Both Mouro and BRS Embaixadorgenotypes reached the maximum seedling length when the 200 mg L -1 dose of GA 3 was used on the plants. For the main root length, it was observed that the genotype BRS Embaixador showed values higher than Mouro, at all doses evaluated (Fig 2E) . Both genotypes tended to increase the length of the main root, due to the increase of the dose of gibberellic acid.
The total dry mass of seedlings adjusted to the quadratic polynomial model (Fig 2F) . For the Mouro genotype, the maximal point occurred with the use of the 200 mg L -1 dose of GA 3 , whereas for BRS Embaixador genotype, this occurred when 60.1 mg L -1 of GA 3 was used. In general, small variation in the dry mass of the seedlings of both genotypes is observed as a function of the doses of GA 3 used in the vegetative stage of the plants.
The expression of the esterase isoenzyme in the aerial part of the seedlings ofMouro genotype, when the plants were submitted to a dose of 100 mg L -1 , resulted in the expression of four esterase alleles (EST1; EST2; EST3; EST4); while with the use of the other doses, only three alleles of this enzyme (EST1; EST2; EST3) were expressed in the aerial part (Fig 3) . In BRS Embaixador genotype, all the doses evaluated resulted in the expression of three esterase isozyme alleles (EST1; EST2; EST3), with the highest intensity observed in EST1 and EST3 in the aerial part (Fig 3) .
In the roots of the seedlings of Mouro genotype, all the doses of gibberellic acid resulted in the expression of three esterase isozyme alleles (EST1; EST2; EST3), with the highest intensity of the bands observed in the alleles (EST2; EST3) (Figure 3 ). In BRS Embaixador genotype, the use of 100 and 200 mg L -1 doses of gibberellic acid resulted in the expression of three esterase isozyme alleles (EST1; EST2; EST3). In this same genotype, the use of zero doses and 50 mg L -1 resulted in the expression of only two alleles of esterase isozyme (EST2; EST3), which were of low intensity when the 50 mg L -1 dose was used. The acid phosphatase isoenzyme presented higher intensity in the bands for the aerial part of the plant in relation to the root in both evaluated genotypes (Fig 4) . For the two genotypes, the expression of only one acid phosphatase allele (FAC1) was observed in all evaluated doses, being the highest intensity of it observed with the use of 200 mg L -1 of gibberellic acid.
When the isoenzymatic expression of acid phosphatase in seedlings roots was evaluated, both genotypes, independent of the dose used, showed the expression of two alleles of this isoenzyme (FAC1; FAC2) (Fig 4) . In BRS Embaixador genotype, the expression intensity of the acid phosphatase isoenzyme performed in the root of the seedlings through the FAC1 and FAC2 bands was reduced with the use of the 50 mg L -1 dose of gibberellic acid, compared to the other doses evaluated.
In Mouro genotype, for FAC1, evaluated in the roots, no difference in the intensity of the bands occurred as a function of the dose increase, whereas for FAC2 the highest intensity (Fig  4) .
Discussion
The reduction in stem diameter in bean plants is attributed to cell elongation as the applied doses are increased. Studies with GA 3 demonstrate a relationship in diameter reduction with increased stature induced by the application of this regulator (Leite et al., 2003) .
For the height of plants the increase of the GA3 dose caused gains. This response can be attributed to gibberellic acid to induce differentiation of meristematic cells (Taiz&Zeiger, 2009), which was probably responsible for the increase in bean plant height.Giberelic acid (GA 3 ) is one of the most used to manipulate plant growth, promote stem growth, stimulate cell expansion and division, and accentuate the expression of apical dominance in plants (Weiss, 2007) . Its application promotes the lengthening of internodes (Taiz& Zeigler, 2013) . Thus, it can be used to increase the extension of the basal internodes of the bean plants and consequently the height of insertion of the pods, and this way, it can provide benefits in the mechanized harvest of beans.
The increase of the height of the first pod insertion may be related to the increase of the height of the plants, promoted by the increasing application of GA 3 doses, which influenced the elongation of the basal internodes. According to Sauter&Kende (1992) , this elongation response of internodes is based on the expansion of cells of the intercalary meristem, which, by increasing the cell division, allows an increase in the height of the plant. These results corroborate with those found by Leite et al. (2003) , with the increase in stem height in soybean plants under the effect of gibberellic acid.
When gibberellic acid is applied before flowering, it induces an intense vegetative growth, which allows a greater accumulation of photosynthesized, which are directed to the vegetative growth that, in detriment, increase the quality of the reproductive structures (Leite et al., 2003) .The application of exogenous GA 3 in plants, in addition to altering the architecture attributes of the plants, contributes to the greater uptake of the solar energy absorbed by the canopy (Sun; Gubler, 2004) , helping the plant and leaf architecture, improving the utilization of light through the canopy, favoring the physiological quality of the seeds produced. The esterase isozyme presents itself as an important molecular tool that allows evaluating the physiological quality of the seeds (Albuquerque et al., 2010) . This is related to the ester hydrolysis reactions, maintaining a direct relationship with the lipid metabolism and the degeneration process of the cell membranes (Santos et al., 2004) . The presence of lipids during the germination process of the seeds is important for the restoration of embryonic axis growth (Veiga et al., 2010) .
In this sense, the expression of the esterase isoenzyme, verified in both genotypes in the seedling structures (shoot and root) with the respective doses applied in the mother plants, possibly demonstrates the occurrence of the physiological quality of the seeds produced. Behavior that can be affirmed in the germination data previously demonstrated.
Acid phosphatase presents significant importance during the germination and initial growth of the species (Pedóet al., 2015) , as it acts on the remobilization of inorganic phosphate during the germination process (Granjeiro et al., 2008) . In addition, in many cases this isoenzyme may be associated with esters hydrolysis reactions, which may lead to peroxidation of membrane phospholipids (Cruz et al., 2007) . Thus, the low expression intensity, as well as acid phosphatase isoenzyme bands in both genotypes, shoot and root, may possibly be related to the occurrence of moderate lipid peroxidation in the seeds of this species, thus allowing the maintenance of the high physiological quality of the seeds.
The results observed in the present study demonstrate that the use of GA 3 provides positive effects on some plant growth attributes, such as plant height and height of the first pod insertion, which possibly enabled an increase in the physiological quality of the seeds observed mainly through root and shoot length test. In this way, these results help consequently in the decision made by the farmers, providing information of extreme importance for the improvement of the agronomic performance of the bean crop.
Materials and Methods
The experiment was carried out at the Campus of the Federal University of Pelotas, EliseuMaciel Agronomy College, Capão do Leão, Rio Grande do Sul, Brazil, and the analyzes were carried out in the laboratory of Seed Physiology.
The experimental design was a completely randomized, organized in a 4 x 2 factorial scheme, with four replicates of gibberellic acid (C 19 H 22 O 6 )(0, 50, 100 and 200 mg L -1 ) and two genotypes (BRS Embaixador and Mouro) with 12 replicates. The treatments were applied in the V 2 stage (fully opened primary leaves). The application was carried out via foliar and by pressurized rod sprayer with CO 2 and flat fan sprays (110-020), with a 50 L ha -1 spray volume. Evaluation of growth attributes of the genotypes under the effect of gibberellic acid
For the growth assessment the following analyzes were carried out:
Diameter of the stem (D): it was determined with the aid of a digital caliper, the results being expressed in millimeters.
Height of the plants: determined with the aid of tape measure, being measured from the insertion of the roots to the stem end, and the results are expressed in centimeters.
Number of pods (NPg): obtained by direct counting, expressed in number of pods per plant.
Number of seeds per pod (NSm / Pg): determined by dividing the total number of seeds by the total number of pods, the results being expressed in number of seeds per pod.
Height of insertion of the first pod: determined with the aid of tape measure, being checked from the insertion of the roots to the insertion of the first pod, being the results expressed in centimeters.
Evaluation of the physiological and isoenzymatic quality of the seeds produced
In order to evaluate the physiological quality of the seeds produced from plants submitted to gibberellic acid, the seeds were harvested and benefited by hand, and were then sent to the laboratory, where the following evaluations were carried out:
Germination test (G): carried out in four samples, with four subsamples of 50 seeds, arranged to germinate in rolls formed by three sheets of germitest paper, moistened with distilled water in the proportion 2.5 times the dry mass of the paper. After the linear arrangement of the seeds on the leaves, they were rolled to form rolls, which were later transferred to the germination chamber type B.O.D. at 25 ºC and luminous period of 12h. The evaluations were carried out nine days after sowing, and the results were expressed as percentage of normal seedlings, according to the Rules for Testing Seeds (BRASIL, 2009).
First germination count (FGC):
carried out in conjunction with the germination test, counting at five days after sowing, according to the Rules for Testing Seeds (BRASIL, 2009). The results were expressed as percentage of normal seedlings.
Germination speed index (GSI):
obtained from daily germinated seed counts (minimum radicular protrusion from 3 to 4 mm). The counts were performed until the constant number of germinated seeds was obtained. TheGSIwas calculated according to Vieira &Carvalho (1994) .
Length of aerial part (L AP ) and primary root of seedlings (L R ): obtained from four samples of 10 seedlings at the end of the germination test. The aerial part length was obtained by measuring the distance between the insertion of the basal portion of the primary root to the apex of the aerial part, while the length of the primary root was determined by measuring the distance between the apical and basal part of the primary root. The results were expressed in mm organ -1 .
Total dry mass (Wt): obtained by measuring the mass of four samples of 10 seedlings at the end of the germination test. The seedlings were conditioned in brown paper envelopes and submitted to oven drying with forced ventilation at 70°C for 72 hours. The results were expressed in milligrams per organ (mg organ -1 ).
Cold test: performed in four samples with four subsamples of 50 seeds each, placed to germinate in rolls formed by three sheets of germitest paper, moistened with distilled water 2.5 times the dry mass of the paper. After sowing, the rolls were kept in a B.O.D. germinating chamber at 10°C for five days (Krzyzanowski et al., 1999) . After this period of time, they were transferred to a B.O.D. chamber, regulated at 25°C, and the evaluation was performed according to the Rules for Testing Seeds (Brasil, 2009 ).
Isoenzyme expression: the expression of esterase isoenzymes, acid phosphatase and peroxidase was performed on 10 seedlings obtained from the germination and cold test, being expressed through the vertical electrophoresis system in 7% of polyacrylamide gels, with application of 20 μL of each sample. After the collection of the seedlings of each treatment, they were macerated separately in porcelain grains in an ice bath. The coloring systems used were described by Scandálios (1969) and Alfenas(1998) . The results were analyzed visually in the gels by the presence or absence and intensity of expression of the bands.
Statistical procedure:
The data were submitted to the analysis of variance by the F test at 5% of probability with the intention of revealing the presence of interaction between doses of gibberellic acid x genotypes of beans, the quantitative factor was submitted to linear regression where it was tested the highest significant degree of the polynomial.
Conclusion
The application of increasing doses of GA 3 on the aerial part of the bean plants increases the height of insertion of the first pod in both genotypes. While, the number of pods per plant and grain yield per pod was not altered by the application of GA 3 . The physiological quality of the seeds is affected by the doses of gibberellic acid applied to the plants. The application of GA 3 on bean plants alters the isoenzymatic expression and favors the physiological performance of seeds, revealing differential effect under the genotypes evaluated in this study.
